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(57) Abstract: A semiconductor device where a capacitive element is provided on a semiconductor substrate and its manufactur- 
ing method are disclosed. A substantial lower electrode is formed through a first insulating film on a semiconductor substrate. A 
peripheral electrode, namely, a peripheral part around the lower electrode and a dummy electrode are formed integrally with the 
lower electrode or separately from it. The top surface of the peripheral electrode is higher than that of the lower electrode. An upper 
electrode is formed through a dielectric film on the lower electrode. At least the top surface of the dielectric film is lower than that 
of the peripheral electrode. Thus a capacitive element is fabricated. The recess encompassed by the peripheral electrode is filled 
with a planarization film. In such a way at least the dielectric film is not damaged when the planarization film is formed, thereby 
manufacturing a capacitive element with less characteristic variation and with high reliability. 
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7}? y >/ u >ii ^ ^i: ^ ^^ffl © ^ y y 3 > . ^ -a 1 4 >£. 

txio^ d ©5i? y y n > . i 1 4 ©5^figx@«x L S I 

2 3 
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©ftfe©^^. '^J;t{^MOSTr (Metal Oxide Se 
miconductor Transi s tor) ©-if— h (G 
ate) mW^^ JBiiL^^OffitfLji-^. B i p T r (B i p o 1 
ar Transistor)© t L X ^ ^ V V =t > 

10 c:©ii2©^^jpi 6±K^ m^<Dm^(Dmmi!^m^ m^itm^ 

5 — 7 0 n m@^0 T iJl^ J^^l 0 — 2 0 On mgH© T i O 
NJSN®^5~7 0n mUBtOT ijl>J?$3 0 0~15 0 0n 
mm.^(D A 1 - S i m> ^$5~7 On mg^OT i Njl^T>i^ 
e>Jllic:±i^ t T i N/ A 1 - S i i /T i O N/T i S[ 
15 jlM 1 8 ^^m,ir^o 

:^i:*J. C© J; fsmmmi^K^^^^Xit^ M±m<DT i NS3&<x 

cF^oT^Ai-si il©M>fbl3^iJiJl<t txat^ A 1 - S i 

mii)<^ mn^^^mi- ^nm<D^mmt LxmmL. t^©t i 
20 /T i o N/T i m.mmi!j^^< vTji^jvt Lxmm-t^o 

© T i N/ A 1 - S i /T i /T i O N/T i 
1 8^c*5l^T> 1 0 0 — 5 0 On m@^©^^ffi©7}? U i/ y 

3 > . 5 -m 1 4 ±:^ic:feJ:)-^^®{*> c ©3!H y y 3 > • 
^ -ii 1 4 icmi^tLtimi^K:^i^ ^mm^ t)*)^©i^$*<i o o 

25 ~ 5 0 0 n mSirjiK /j: o Tl^-So 

2^1^ -e. EI 5 {C:^$ tl-S i: 9 -^J ;t C V D ^ffl l.^ C 
©TiN/Al-Si/Ti/TiON/'T 1 1 8±ic. 

Ta^Os, Si02. Si Nm. 2^^Jl?«T a « O « ©f|«#: 

2 4 
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m^mm(Dm-^ . m^i^ i o ~ 3 o o n mmmom-^ K-mm-r ^ 
T i jix T i NjixtiT i iT i N (Dmmmi:: X ^mn.i^mt:m 

m<Dm^^ '0^J;^{^ 5~1 0 0 n mmB.<Dm-^Km^ir^o 

5 ^l^T. :t h y V -7 ^ X@S.O^R I EX^JC J: {9 . C tl 

d^®TiN/Al-S i/T i/TiON/Ti 1 8 ±tc 

10 > 1 0 — 3 0 0 n m@|g®MS#i^ 2 0 <£::/hLT. jp^ 5 ~ 

1 0 0 n m@SO T iil^TiN^^XtiTiiTi NOHipM 

c © i § (D±mmm 2 2 ®^®{*. ^;gM 1 s ©^i? y 

yn>.y^-®i4 tci *j ^ m'm h'e<DM^i><^< 

15 oTl-'So 

RI EX@JcJ:f). TiNXAl-S i/Ti/TiON/T i 

>i>*-r -So 

20 C LTx _t«|5^@ 2 2 tlTl^ -S pf^^SPO^® J: D 

©^fflO'i^ y y n > . ^ ^ 1 4 ±:^<Dmm^(Dmmt<m^^ 

-ffigfc^ DflMifSBt^© T iN/Al-Si/TiyTiON 

/T i mmmizj^^rmnm 1 s a >&5^^-r^o c:©t«s5 

18a COm'^tmWK^ L S I Ofl6©^^©T i N/ A 1 - 

25 Si/Ti/TiON/Ti ^SM j; ;2> Tiiia^ji (gl^^-T 

Z,(DX o K tX. 2 0 ^^lC^tr±S|5«:m 2 2 iT^ 

18a <?:*>t>.3i«^^ tlS^fi5^^<£-3^^^-r^o 

2 5 
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1 8 a © u y :3 y . y 5 -g 1 4 ic:^ ij- mmmom.'^ 

5 ^rt^k^S^^T^o fin*.^ '0^Jx.{^ T E o s ^^MMi-r-s^^ X'^ 

CVD;^^ffi^.^T> ±ep«@ 2 2Rc;Tg|5«@l 8 a 

'^J;t{^^ S i O 2 300~1500n m@^©j?$ 

fc^^-r^o MtC^ COS i O2 ilJitc^ S0GJ^<^3-5^^ > 
i>'*-#-'So cne>© S O GJ^^O^S i 0 2 ^/n* y 

10 r^'-r-So 

15 ^Xg{C*Jl^T«. nnM^®?^4^©TS|5m;g 1 8 a © cf^r^IKi 

1 SatD^J^Ui/yrrv-y^-jll 4 ±:a" *5 1:)- ^ ^ SSP © ^® 

^< ^ ti> S i O 2 T i S-O^ T i N i © y ^ V y b - h « 
20 < e>^j:i^/ca6x s o omi^cj^ S i O 2 H©?^^^© Ji 

y CD^JC TB|5S@ 18a ©^3!a^©^®{igtBf-'S ^ 

(D(D^ ±mmm2 2 <Dmimitnic^mitmmm2 Aicx-^xmrn. 
%^ ±m'mm 2 2 'p^<D-f<Dmmi^m 2 oib^v>^ - p^^ij-^s, c 

25 tiff£\^^o 

^i^ic^ m^its i 02 m7^^^^^^mmm2 e ^mmt^o 
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i^T. ±si5m@2 2 ±(Dmmmmm2 i ^Mn^Kj:.y^>iir^ 
^-i-^t^K^ ymmmi s a (Dmiiim±<Dmmmmm2 t ^m. 

,28b ^^n^npgn-r ^ o coii^ r/y^^^^ h mtfii&mo 

fzisbK^ y^nU 1 8 a^M©T i NMO^^^-T^C t t> ^ ^ 

o 

10 ^ y 5^ vi/f s-hsii^ 2 2 ±©ji^i^^m 2 7 ©-a•f^mJ^*^^ 
8 a(Dmm^±<Dmfsmmm2 t (Dmm^^o i>m<t£'^x 

^/^^/c^6^ Z.tlk^W> 1 ^V^M 2 © t:'T ♦5}^-;l/2 8a, 2 8bO 
15 > ^*7b<^t>tl^ C tltts:\.^o 

^j;tt^ A 1 ^^m^mmLfz^^ y t h v^^^-y ^ x@s.a? k 
^ ^ y :ifm^m^^'r^ A 1 -^^M^Jnx n 1 s.o^ 

m 2 <D \iT ' ^- JV 2 8 a , 2 8 b tT±SPm@ 2 2 RO^T 

20 18a (ommmK^n^tim^ir:^ A 1 e> aj: 

1 SiO^^ 2 ©±Si2lie 3 0 a , ZOh^B^i-^o 

* fc. d 1 2 ©_hjl|g^S 3 0a, 30b (D^^i 

O 

'^m^'¥'Mmm<Dmmmi^. m i ©j^^j^ i 2 <£r^ ltjs^ 1 0 

0 — 5 0 0 n m5g^© U U V ® j&n © U v/ U 
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^^tsm^^mizm 2 <Dmum 1 e ^m^L^ com 2 ommm 

1 6 tt^^spo^ffick to h^^^) i/ V ^ > ' ^ -m 1 4 

0 ~ 3 0 0 n m^|^©M«^^ 2 0 tT. 0rM©J¥^ x -^J^ 
{^ff $ 5 — 1 0 0 n mmm.(0±^mm 2 2 <£-?^^LT. ±I35«® 

2 2 (O^®©;^^ <grTB|5«@ 18a©jJ?U'>U=i>'^^ -M 1 

mi^^MK S i O 2 LMfc SOGIi^n-T-^ y^Lfz 

^KJ^y ^^<y ^f^^^m^tiskm^nomiz^ rmmmi s a© 

2 4 *<_h^«@ 2 2 ©^®<^S{c|^a t Tl^ ^ fca6^ dO^pyt^ff^ 

^«M^©#fi©i?lrS:O'^®^©^>fb<^ffli0iLr. 

ibKm 1 :Bi.^n 2©H"T->-;l/2 8a, 2 8b ^^tl^niSP 
"T^^ic^ ||1©K'T- ^-JlZ 8 a<^i§p-r^^2i6{J:J^'y^> 

iJ^'-r 'Sjigpm® 2 2 ±(Dmmmum: 2 7 ©'^ti-MJ¥;&^\ m 2 © 

T • 7j^->^l/2 8 b^§§nf'5^i6{CJiy5^ > ^^-t ^TmMm 1 8 
a ©^ja«|5_h©M^i^3itj^ 2 7 ©JIJS J: D 1? < ^-C o T l^ J6 
N ±m'^U2 2 ©^©{Cj^sff -5 5^ >r*^^^f 

n^C i{i:/j:<^ J:gl5«;|l 2 2^^©T©Ta2 O5 mmi^B 2 
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t.f:i. mi 2 <D •7}^-;U28a, 28b ^itWllr ^ 

i> T§I5«:^ 1 8 a ±KmUir ^m 2 0\ir • ^^~;U2 8 b<D^ 
$:6^±S|5m@ 2 2J:lcPSp-r^lll©ti^T • '^-;l/2 8 a©^$ 

5 ^±ia3«® 2 2 tyWm.m 1 8 a i © >i[^ [p] H ^ ^ H 1 JtO*^ 2 

©JiiiiBi^jB 3 0a, 30b* -(^ <D ^ X ~ ±UMU 

Mgi-e*>«9> gii ij^a^si 2 ti^ti^n^ 1 0 n^s^M 

c CT> ±tBii 1 1 9 iz^irmmmT(Dm^ 

mi 0 K^^n^ o ic^ :^mMMMicm^^Mm^iz^^^x 
±1211 1 (Dmn^m<Dm 1 K^-t^mm^K^^i:)- ^mmm(o 

20 7i? y «; 33 > • 5 -M 1 4 ©f^*3 {C^ Bfr^OJ?^ © S i N, 

s i 02 mK X ^mm^^ ^ -m^ m:^it. 0^1 0 0 — 5 0 0 n 

mU&(OS i NMtr^ ^!mMm(D S i N:^^^ -il 3 2 Tb^m^^ 

25 7^K^ mi 0 {-^^ ti;s mi iRu^m 
1 2 (Dmv^jin^Mm'^m^^x^m-t 

s i o 2 e>« -sn 1 (Dmmm i 2 ^^^m t/::^. mj- c:©m 
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m^^t S i N^<S: 100~500n 111^^ © J* $ t-^^Jgfe-T 

ic^ H 1 ©^^^ 1 2 ^r/b t 0$ 1 0 0 ~ 5 0 0 n mSS® 

^l-^-e> gll 2fC:^$nSJ:9{c. ±12111 ©mi^,^®0 3 
10 ~gl 9 }C:g^-rx@i LT. c:©SiN:5^^-ji3 2 

^^^m\z.^ %%(Dmmm. \ e^^^t. c:oB2©msi^j^i e 

TiN/Al-Si/Ti/TiON/Ti HJij^ 1 8 ^ 
?^gKt> C © T i N/^ A 1 - S i /T 1 /T i O N/T i ^jiil 

1 8 JiJc, fl«#:|^ 2 0 <^in-LT±lfP«;m 2 2 ^J^fig t. 7 h 
15 U V -7 >f X^^O^R I EX^lc J; i? . T i N/A 1 - S i / 

T i /T i ON/T i 1 8 ^vn° - ^ > ^* t T . ±S|5m@ 

2 2 nxi^ S 4'^gi5©^® J: ^ S i N ^ -S 3 2 ± 

::5■©^3^g|5©^®*^^^l^#:g^c^ siMiMir®?^t^©T^«=@ i 8 

20 C -5 LT. mm#:J^ 2 0 ^^{c^O±SP^@ 2 2 tTSP«@ 1 

fi^^ ::©i t©^«^^©±spmil2 2©^®«^ TS|5«=® 
18a©SiN^'^-M3 2 S ^ SlfP ©^® i: ^> ^ 

©]^^ 36<<£ < ^i: o Tl^ So 
25 Ml^T. Ji^«^2 2S.a^'T^«^l 8 a >^^trSi*:^®lc, 

s i o 2 it^iia t > MicsoGM^n-v^-f ^iJ'* t/c^^ cn 
e»© s o Gi^^o^s i o 2 y ^^N* ^-t^^m^tmm^n 
y^mmi s a ©iiaM®f®j^jK©a<?»'^S26s i^tc, ±sp 

3 0 



wo 02/03458 PCT/JPOl/05663 

18a<OSiN^^^-jS3 2 ±:BK:^ if ^ miU^om^ ^ ^ 

SiOz tTi, T i N t<DJLy^u - h<Dmit:k% ifll^^tiib 
. S O G^SlO^ S i O 2 M.® «y y ^om^h. T^«@ 1 

Si*:ifeMic. -0?ijx.{^s i 02 mi()-^i^u^mmm2 e ^itrntx^ 

15 m'ft:mitJ^2 4 ilfe^J^2 6 <i:{CJ:^MP^^J^Ji[2 7^^fig-r« 

o ^tXx _tg|5«@2 2±©jgPBm^li2 7 >grM^&<I}cx.y ^ > 

^^m^-t ^ t^K. Tmnmi s a ©^sgi5±©«p^^^ji 2 7 
^MU^KJ^y ^ >rm^Lx^ m 1 Rc^m 2 (d\it - ^>-ji2 

8 a, 2 8 h ^^tl^timuir T^nUl 8 a^®©T i N 

=f->^*i-^±mmm2 2 ±<Dmmmmm2 i (o^nmmibK 

m@ 18a ©^iaS|5±®^^*feii^)l 2 6 (Dmm^ ^ hm<-f£'oT 
25 l^;S/c26. en 1 2 © • Jj^-^U 2 8 a , 2 8 b© 

liP©^(c. _hS|5«@ 2 2 ©^©{c^-r-S ji>^c/<j:;r-/<~ 5^ 

J^li'^T^ H 1 SiCKH 2 © t"T • 2 8 a , 2 8b^:/^LT 
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1 ^tO^H 2 O JiiBISJ^® 3 0a. 30b ^m^^-t^o 

5 $>'e^J;t{^100~500n mg^O^^ffi CDS i Ny^-Ji3 

2 ^m^L^ ^©S i ^ -m 3 2 ^^ti^m^::^®*::^- 2 ©3^ 

10 fim^M 2 0 ^^Lx±^mm 2 2 ^m^Lx^ ±^nm 22© 
^m(D-m^ "^TBnm 1 s a©s in^^-^s 2 ±:^tc*5t:fs 
^jasp©^®©;^^ J; i9fc^<-r^cttcj:f9> s i 

O 2 ^ ^ ii« L M {C S O G M ^ ^ - T- ^ > L m j:. 5^ /< 
iJ'-r ^¥?t^b^S^^T'9 ^{c. T^m^l 8 a ©DflM^MJ^Jbt© 

2 2 (Dm^'^'^KW^LX^^^tiib^ C ©^pttlb^S© ^© j:. >y 
^ > J; o T±gi5«@ 2 2 ^M{c{i^©T©SI«^*:Jl 2 0;&^^y 

tmmK^ ^«*?©^«^i^©#ji©^i!/2ta?^^tt©^'fb^ 

mm-t^m 1 2 ©±jiieiii® 3 0 a , 3 0 b ^j^fig-r;s^ 

2(6 fen 1 J^CJ^H 2 © If^T •3}^->'l/28a, 28b ^^tl^'n^Sn 
25 -t ^BK^ m 1 © e T • ^ - ;l/ 2 8 a ^mOi- ^fci6K:s^ y ^ y 

v-t ^±^mm 2 2 ±<Dmmmmm 2 1 ©-^ff•MJg;&^^ n 2 © 

T • ^--JV 2 8 b^lSP-r^/2:i6{CJC.y ^ > ^ TSP^^gi 1 8 
a ©^iSla5Ji©JlP^3^3^m 2 7 ©fli^J: t?%Jit</j:oT(.^;5y2:J6 

3 2 
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n^ct itfji < > 2 2 ^^<Dy<Dm'mi^m 2 0 - 

^ C i t ^ o 

^fcx TSB^J^l 8 a±izmnir^f$ 2 <D\iT • 7^^-;^2 8 b 
;6<_hS|5m@ 2 2 ±Kmn't 1 <D \£T • 3j:~;l/2 8 a© 

10 tM-r -S-hSPm® 2 2 iTSI5«@l 8 a <b ©^fpl^l^*^ 1 

m 2 ©JiSEi^jl 3 0a, 30b ^ ©mii tc T-fi$ IC JiSP 
«@#J.i: t) t>S< ^i:^M(o]{c*:ST^S@#J©mil^Mi^-r^ c 

>;^©Mm^Mii>$-arTS«^? ©#tt©^*f^&^tt©Jt;^^SPtiJ 

t^is^ jiiBH 2 (Dmrnj^mK^ii^xit. ^mw&m i o ±©^ 

©/?$ X 'e?0;t{^J?$ 100 — 50 On mmM(Om.Mm<D S i N 
5 - M 3 2 t Tl.^ ^ c:©J;'5ni:S iN:/^ -Jl 3 2^ 

1 ©$feJ^i^ 1 2 ^jg^fi^tc Ji y > iJ'*^* LT. ^$100 — 5 

0 0 n mm^<om^^5^^Lr h ^ ihKit. Hi omum 

1 2 ©i^^i^y ^ViTi. i5^^-jl32 (X{iy^-Jil4.m 
25 j^t-^ ^ - S 3 4 ) (Dm^^t>-^l:^Mm^i-l^ ^ -M^J^^ L 

T^^l 0 0 — 50 On mm^om^^^^^t ^ thX^^^o 

Km^ 1 0 0 - 5 0 0 n mmm(om^7tj<j^^^ ntzf^ i comum 

3 3 



wo 02/03458 PCT/JPOl/05663 

mi Q ^j^^Ls ^(om 2 (Dmmm i6±{c.TiN/Ai-s 

i /T i /T i O N/T i ^Ml^ 1 8 ^5^^L. C®TiN/A 

i-si/Ti/TiON/Ti mmm i s ^^^^ -^y^t^ 
c i ^c J: i9 . n 1 (Dmum i 2 Km^^tifzm^<D±yjcDrp^^ 

gii 4-01 9 it^ti^nm 1 3 K^^n^^mm 
fife$nTii^^f^*3«9ic, i^cjft^. m^ii^m-^ l O O 5 O O n 

I- ^ $ tl T I ^ ^ { c # ^ ab o 

* tc^ ±t^m 1 ©iimB)^©^ 1 K^-tmmmm^^<Dm^ii 

TiN/Al-Si/Ti/TiON/Ti ©TSI5«@ 1 8 a © 
t) tc, m'mi)^W-^-f£m:^i-£T iN/Al-Si/Ti/Ti 
O N / T i ©T^«1i 18b yb^mJ^-^tlX^^ ^ t^K. C ©T§I5 
18b t^MLT^ ^»^?©^ffl©^Mffi©^° y y 3 > 
• ^ ^ -m 2 4 ±S|5«@ 2 2 ©^®<fc J? t>]ili^^®^W 

-t ^m:^itT i N X A I - S i/Ti/TiON/Ti©:$^^_ 
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mmm 2 4 *^'tsi5«@ 1 s b _tic5^Bg$nTi-^'S±gi5«:@ 22© 

^ o 

10 dci^^ mi 3 Km^ti^^mm^(DnM:&i^^. mi 4-^11 

^•r. mi A j; o ^mw^^ 1 0 ±k^ m:^it 

s i 0 2 mt^ihfi^m 1 commm 1 2 t ^c^. st- c 
1 <ommm 1 2.±k^ m^i^^^- u u ^ >js^fr^®j?$> m:^ 

15 t^lOO — SOOn m^S©i?^ tcij^^-r ^li^'T. "7 :i- h U 

■s H 1 omBm 1 2 ^:ftLX^ 0^100 — 500n m@^© j}? 

20 y u 3 s^Mffi©^ u y 3 > • $ 3 4 

^.jfc^x c © y y n > • y ^ -m a 4 ©0^x^«> l s i 

©^©m^> -eajX-t^MO S T r ©-Jr- i&^S^©tfitiT: 

B i p T r (ommt t Tffll^^^i? y V/ y 3 >m(Dm^j:u 

^i-^-e^ EI 1 5 {c^$ J; 9 ic^ ±IBB 1 ©IIJfeJ^II©EI 3 

-EI 5 i^7i^-rx^iiRi^{- lt. ^^ffl©^y e/y =j> • y 5 - 

^34 ^-^crs^^Mic. n 2 ©j^i^m 1 6 ^5^^ir:ho mmm 

3 5 



wo 02/03458 PCT/JPOl/05663 

1 Q it^^-t ^ z t i^-^'^ ^LTs z(Dm2 ommm i 6± 
ic. TiN/Ai-si/Ti/TiON/Ti mmmMm. to 

^l^t*C u. A 1 - C u^{cj:§«ji^, 2^««JT««T i N/A 1 
-Si/Ti/TiON/Ti mmW 1 8 ^^g^L. c:©T i N 
5 /Al-Si/Ti/TiON/Ti «SJ^ 1 8±{c, T a 2 O 

», Si02, SiN^x T a 2 O s 10^ 

rA-LTTi, T i NX«T.i iT i N®^^|^jcJ;-S±SPm@2 

fl^^ Z<D <D±^mm 2 2 (Dmrnit^ T l N/ a l - S i 
10 /Ti/TiON/Ti SJIH 1 8 (D V V ^ > - I - M Z 

D^R I EJIUK^ «9s TiN/Al-Si/Ti/TiON/T 
i ^Sil 1 8 ^mn^KJ:-y =f- tTEFf^©?^5K{::^^"^ - 

15 -ViJ^'-^So 

C 9 tX. B 2 ©Jfei^l^ 1 6 ±©^«^^5^^^^||:^{C, T 
iN/Al - S i/Ti/TiON/Ti J; ;ST^'S@ 18b 

^^j^^-r-s c:©T^«@ 18b ii^nLT. mmm^B 

20 @ 1 8 b J; ^>i^l^]^±^®^W^^ T i N/ A 1 - S i 

/T i/T i ON XT i tcJ:;^^^ 18c ^^^^t^o 

i^tz^ :l (DT^MM 18b ©J^Jife il^B^tC^ LS lOffe©^? 
©TiN/Al-Si/Ti/'TiON/T i «il il {c J; ^ 

25 C ©J; -5 JC LT> 2 0 ^ ^ ±g|5«;^ 2 2 iTSP 

«@ 1 8 b i ^^ihrn^^ii^mmm^^j^^ir^o 
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18b <lr#tfS#^® S i O 2 300~1500n 

mom^Kmm-t^o miz^ cios i 02 s ogh^h 

5 -v^^ yi>^ir^o c:n?>cDSO G)^s.a^ s i 0 2 M^j^ 

d 9 LT. y s -nm 1 8 c {c J: o T^ffl^st 

fe^ i^jc. _t:^«@ 2 2 ^C5Tg|5«11 1 8 b ©^M^^g^MLT 

X@}c:*5l^T«> Tia5«@l 8 b±Jc?^^$nTl.^^±§Pm@2 
2 ©S®*^\ ^«m^J^^M^©Mffl©r5^5 -m^li 1 8 c ©5}? U 
iy ^) Z2 y ' :r ^ -m 3 4 _h:^r{c*Jf:t-S*±^®cfc ^ -eoi^$;6< 
^ < ^i: o Tl^ ^ /c26^ S O GM'BL-a- S i O 2 y i7 <0 

15 TSm^ 18b ©^® i:*^C±8^m® 2.2 ©^Mtil^tC 

^i^'-e. Ell 8^c^$n'Sj:'p^c^ m^^t-f'yX-^cvTim^ 

20 mmm2 6 ^±i»-r^o C:©5jl?t^bi^i^M2 4 <i:)^ii^l^2 6 

i*^T^ ±si5m@ 2 2 s.afT«i5m@ i 8 h±<Dmmmmm 2 i 

IR^KJ^y ^ yy^^LX. ^ 2 <D\£T • ^'-JV2 8 a 

25 , 2 8 c ^^n^'niMP^^ o 
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2©t^T•4-^-;^28a, 2 8c L T±S|5«@ 2 2 ^.0^^ 

T^mm 18b ommmK^ti^timmir ^ A i ^^mi^i^ts:^ 

HlJ^CK^ 2 OiiliBJ^® 3 0 a . BOc^^m-^-t^o 

C OH 1 ]S^0^|| 2 ©iSiaUji 3 0 a, 3 0 c©^^,?: 

o 

'fm^'^mmm(DmmK. m i ©a^^ i 2 <£:ifhLTi¥$ 1 0 0 

— 5 0 0 n m@S©S^ffl©4? U U n > . y ^ -S 3 4 ^J^^ 
t> d U i> U > • y ^ -® 3 4 ^-^tsMi^-^mK^ m z (D 
l e ^^ft^trm^l^T IN/Al-Si/Ti/TiON 

M^^^^^m^iz T iN/Al - S i/Ti/TiON/Ti 
©TSP«@ 18b ^J^WuL^ -€-©^ffl©7j?U i^yr3> • y^-JS 
3 4 _h:a"lcTB«@ 18b J: i5 US ^Wl" S T i N 

/Al-S i/'Ti/TiON/Ti©y = 18c ^J^gg 

■r^ i^fc, T^«@ 1 8 h±\z.mn^m 2 0 <^iJ>LT±gi5«^ 

2 2 LT. ±S|5«;^ 2 2 ©^®©i^ $ ^ 18c 

©4? y y =F > • 5 -ji3 4±;5"^-:fe^:^'S^±^®©i^$ J; 

^®<'r^C:i{ci:«9x S i O 2 m.^mm.L'^K S O 

y ^ — 18c ic J; o T^ffl<S:® * n/-ca<?^^aJ6Tg 
<*:^®^S}Iyt>ft;^;SSlI?t>fbJ^j^M 2 4 *^^±S|5m@ 2 2<0m.m^n 
K^W. t-Cli^-Sfca6^ C ©sp^>fkMS©^© Ji ^ > ^JC J; o T 
_hg|5«@ 2 2 ^Mf- {*^©T©fl«#:^ 2 0 3^^' ^ - i:^- ^ 

Ci«/i:i^o tlfeoTx ±iaill ©^m5^^©d^-^i:|5imt-x ^« 
^?©^M^^©#ft©^l!l25LO'(t0^^©^>fk^illlMLT. ^Sf 

3 8 
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«@18a, 18b«^:^2©eT«*-;l/2 8b, 2 8 c ^i/> 
LTH 2 (D±mW,Mm 3 0b, 30c Jc^i^ ^ tlT l.^ «S J^-^tc o 
^^T^HJ LT^l^-S;^>^^ T^mm ISa, 18b*^^©t ^IBiH® 
<^^;jaT. L S I ©fte©^^{c^^-r ^^-^ t ^ 

^ LT> CO^-^fCii, T^*@ 18a, 18 b±©jl^*fe^ 
J^2 7 Vi^*^*LT> m2<D\fr • ^^ - ;l/ 2 8 

b, 2 8 c ^ma ir ^iii^^ it tSi < tx ;ho 

^'fz^ m 1 :s.a^^ 2 ©jtsfa^s 30a, 30b, 30c ©5^ 

. W ViJ^'XT-y) Ji^ii^L:^^. Ji LT. Hi 

^CJ^H 2 ® • 2 8 a , 28b, 2 8 c ^ ^ tl^ nS36 

ffii^x. d © A 1 -a-^Ji^Jpx LT^ H 1 soJH 2 CD er • ^- 

2 8 a , 2 8 b, 2 S c ^ <DW:f ^ ^ tl^tl^U-t 1 

cm 4 ©llSfe^^) 
gl2 0 {i2^^BJ©H 4 ©||M?^S{;i#5^«^^<£:^'r«EBI&if 

mm-^^ S2 i~gi2 8 {t^fi^^tim 2 0 n-s^a^ 
^ © ^ it ^ §^ -r § ^ 36 © aE B§x @ »T® 0 ^ ^ o 

02 0 ti-S J; -5 ^^mS^lll-^'S^*^^ t^^^Jl-^T 

{i:, ^#^*:S«1 0 _h©^S5l^^5^mM^©^ffl8l5{c. «?lJ;t{^S 

i O 2 m*^^>/i:;s^ 1 ©^3^m 1 2 i^LT. BFrM©i?^. '^J;ll^ 
l¥$l 0 0'-500nm@S©4?U>/yii> (Poly Si 1 

i c on) Jl*^ t> ^i: S Wt^m © y v/ U 3 > . = -® 1 4 

^^nxi^^^o *:fc> Hi commm i 2i^a^^) v ^ y - r ^ 

3 g 
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-m 1 4 _tfc n 2 <Dmmm i e nx\.^ ti^^ m 

2 (Dmurn 1 6 ^co^,^T^i. ^n&f c i h'^m-e&^o 

i^tL^ z.(D% 2 (Dmum 1 6 ±tc«, m^itm^ 5 ~ ? O n m 

UBtOT i^^J^$10'-'2 00n m@^© T i O N®. 5 
~ 7 0 n m@^© Tia^/p$30 0~1 5 0 0n mg^© A 1 
-S i 5 -^7 On mS^©T i N@:6<T3&^ t.Jlitc:^^$ 

n/cTi NX A 1 - S i/Ti/Ti ON/Ti ^a^iit0. * 
S C u , A 1 - C u^tc J: :ST^«@ 18a t^B^-^tlX^^ 
Ti N/Al-S i/T i/TiON/Ti ^SJl 
©TSR*:^ 18a i)<^^:^tl^o 

y n > . = _jg 1 4 ±;5r}cfc{:l-^ jiiag|5®^®;&^'^?ij^{€ 10 0 
~ 5 0 0 n m^gtl^l^feMtc^ 

:/:c*5. C© J; -5 ^i:8[®^jt©T i N/A 1 - S i /T i /T i 
O N/T i ©Tia5m@ 1 8 a ^C*)H^T{is «±®© T i N S 
^it:/a X c^3© h u V 7 ^ X^}c *j ;s Mlit|;^iLJ^R 
0^^©T©A1-Si ia©^>fbKrlhJ^i LxmmL^ A 1 - S i 
Mi)^. ^m#ft<Srg-^§«@©^Sg|3i LTatfet. T®©T i 

^ T^«^ 1 8 a ©c^^^it- BlTg©iP$. -^JX-f^J? 
^lO — SOOn m@^© T a^Os. SiO^XtiSiN^© 
2 0^ :*:^J-e(i:T a 2 O s (Omm^ifim^'ftLX^ ^$5 
~ 1 0 0 n m@Bg©T i , T i N X ti: T i i T i N ©«ii^ ^ 
^.J 2 2 tlTl^ ^.o' 2 0 <I:T a 2 O s 

-ej^fig-r i ^ ii:. 2 2 ^^^i^JS: Lie < l^T i NX 

{*T i N i T i ^^<omxmn^'^fznmmxi\^^'t^(oi}m^ 

H.^o rnm^H 2 0 <Sr S i O 2 , S i N^-ej^^-r § <»: ^ ti. ± 

4 0 
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ig|5«@2 2^Ti, T i NXttT i N i T i ©^JlM-e^^g^-r -5 

m±Km^^ fix ^mni^m 2 o ©^®{*..DflMif®?^t^©T 

1 8 a ©tH y U > . ^ -S 1 4 {c *J t:)- ^ SIfP 
^fc. J:^«^5 2 2^Tg|5«@l 8 a *^ ^> ^J: ^ »^^® © Qfl 

mnt-r^zf^X'^cvDm^my'^x^ii^^mi^mmLtis i o 
2 4 c (D^m^tmmm 2 4 ttsph® 1 s a 

m 2 6 t^mm-^tix\>^:^o ^mitmmm 2 4 iJife^m 2 e -esp^ 

^LT. ±IH5m@2 2 ±©jBPBli^i^M 2 T Kmn^tlfzf^ 1 <D 
\fT • ^-;b2 8 a^^LX. ±§15^^12 2 S I^J ;t A 

1 ^^m-^^ iht^ i <D±mmw.m 3 0 a:i)^^?^^'$nTi/^So 

^/c. TSI5«=®1 8 a ©^iaS|5_h©MP^sm^m 2 7lC§fiP$n 
^||2©eT-^-;i/2 8b t::f\^LX. TSPm^ 1 8 a ©^SS 
tc^^-r S^J;1(^ A 1 -^^a^^ 5>nc S^ 2 ©±jiE)||^ 3 0 b 

^{C, 2 0 {C^$ n'5^«m^©^jt;5"?*. gl2 1—^32 8 

© IB& X m »f ® i3 ^ ffl V T ijfe -r S o 
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s i o 2 m^^^fi^m 1 ommm i 2 ^m^ttz^^^ mjc d 
1 (ommm 1 2 ±K^ m^it^^ y i/ u 32 >ji^BfT^®ii$ ^ 'e^j;^ 
i^ioo — soon mmmom^ izM^-t ^ o m^^x^ y * h ^) 

m 1 (OmUm 1 2 ^:ft'LX^ m-^ 1 0 0 — 5 0 On mm^(D 

4? y y n > ji ;^>^ ^ /j: ;s g:^^ ©^yv/yn>. y^-gi 4:^ 
c ©jj? y v/ y 13 > . y ^ 1 4 ©^^xsti. l s i 

(D^om^^ ^l^ii^MO S T r (Metal Oxide Se 
mi conductor Trans istor) <D ^ — h (G 

ate) mn^p^ mtiim=f(omtfim'p. b i p t r c b i p o 1 

ar Transistor) t t Tffi ^ ^ y y n > 

^l^-e^ 02 2}c:^^tl'SJ:^ic^ CI ©^Mffl©>i? y iy V n > 

• ^ = -a 1 4 ^^ts^i^i^mK. m 2 ©ife^m 1 e ^j^^-r ^ 

^ 5 ~ 7 0 n m^^© T ig, 0^-2 0 On m^^© T i 

ON»^@$5~7 0n mg^© TiM> J¥$3 0 0-1 5 0 0 
n mU^<DA l-Siil^J^$5 — 7 0n m@fi^© T i N»^T 
ij^ihmKmmLX. TiN/Al-Si/Ti/TiON/Ti 

mmm i s ^b^-t -Bo 
^i:*5> d © J: ■^mmmmK:^\.^xit^ ®±jb©t i ns*^\ 

iy^^©T® A 1 - s i m<Dm^t^±mtLxmmL. a i - s i 
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/T i o N/^T i mmm7b^^< vr ^j\yt Lxmm-t^o 

i^ti^ C OT i N/ A 1 - S i /T i /T i O N/T i jSSH 
1 8 K^^^X^ JP^l 0 0~5 0 On mg^CD^^ffl ©jJ? U > U 

^ -m 1 4 fcffi t nfcfi^{c:fei:f ;b^McI: «9 ^>•€-©^^ i o o 

— 5 0 0 n m^^]^ < fl^X^^^o 

COT iN/Al-S iXTi/TiON/Ti ^ii^ 1 8 ±}C 
10 ^TaaOs.SiOa.SiN^. *^?!)-eiiT a 2 0 « 

i-£T i TiNSXiiTiiTi N ©« SB {c J: ^ ^«#a ^ 

m^<Dm^^ m^it2 0 — 5 0 0 nmm^com^ Kmrn^ 

:^©TiN/Al-Si/Ti/TiON/Ti 1 8 ±}C 

20 ^^$io~3oon mn&(Dmni^m 2 0 ^ifh tT. 2 Q 

~ 5 0 0 n mggOT i®. TiNSXtiTiiTi N©«jgm 

t^i^ti ^±^'m^2 2 ±^'mm2 2 commits mm 

y3>.y=-jii4 ±:^iz *5 tj- ^ ct (9 ^ © $ < 



4 3 
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O^R I EX@fC J: TiN/Al-Si/Ti/TiON/T 

c a LT. ±mnm 2 2 ib<m^^tir\i^ § ^^^<Dmn^m 2 

g|5©^S;6<^^l^fiMi-* §DflMif®5^t^©T i N/A 1 - S i / 
T i / T i O N/T i ^JBUt:: J: §TSI5«3^ 1 8 a 
^ Tt^ C <DTia5M@ 18a om^tm^K^ L S I ©flfe©^^® 
TiN/Al-Si/Ti/TiON/Ti ^ JB M J; § TJS E 

10 (Ei^-a--r) ^j^^-r-So 

J: -9 tT. 2 0 ^P^{ctfetr±g|5m@ 2 2 tTB 

1 8 a V V ^ > ' ^ ^ -m 1 4 ±:a'{i:*5i:>- ^ Jiiagp©^® 

m^l€-. S i O 2 300 — 150011 mU^om 

20 ^Kmm-t^o Z.<DS i O2 ll±}C. S O GB^^ -9- ^ 

>^*-t^o ^©m. cn ?>© S O GMJ^a^ S i O 2 «y 

1 8 a ©.?}? y >/ U 3 > . y ^ _g 1 4±;5-Jc:*5tj-^^iSSP©^® 

4 4 
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^<^y ^-eit^ S i O 2 t T i RtJ^ T i N t <D JL y ^ y y u - ]^ it 

10 m^^x. T^mm 1. s a ©^ja§i5jto'¥rt>fbi^i^)i 2 a ^t:tsm 

^^x. ±mmm2 2 ±<Dmmmmm2 i ^mnmizj^y ^-^^^ 
15 ^ir^t^K. y^mmi s & <Dmmm±(ommmmm2 i^m 
nmcj:.y ^ >ym^\^Xs m 1 jto'n 2 © tfr • 28a 

tLlsbK^ y^mm 1 8 a T i NJiO^^^-r C i ^> ^ 

o 

20 ^i:*5. Z<D tU ^ ^ 1 (DMT - }\y 2 Z 2i^mUir ^-hi^K 

:^y=^y^-t^±^nm2 2 ±<Dmm^um2 immt^. 112 © 
\£r • sj^-->'W2 8 b^i§p-r^/ca6icji>>^>ij^*-r ^y^nm 1 

8 a ©^SSlS-hOSP^mj^H 2 7 ©1^0 i {SJ^^L < /j: o Tl^^ 
•fz^sb^ ZtlihW 1 2 <D \iT •^-;l/2 8a, 2 8b©|iP 

25 ® ^{c. Jigp®^ 2 2 {c^-r ^ y f- > ^ 

^li^-e. ^2 8 IC:^^ J: -5 IC. -Pll x. X /n" y T 

A 5 
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-r ^> 5^ > ^^^^m^^T^ CCD A I ^^m^mxL. m i s 

Ch'H 2 (D iiT •^-;U28a. 28b ^:ft'LX±mMm 2 2 JtC^ 
TSI5«@ 18a (Dmia^K^tl^^tl^mi- ^ A I ^^Mif^^fl ^ 
H 1 2 ©±jllB3||ji 3 0 a , ZOh^m^i-^o 

t tz^ z.<Dm 1 'BLt^m 2 (D±m^um 3 o a , 3 0 b <Dm^t 

o 

'?mm^mm^(Dmm^i^. % 1 ©^,^j^ 1 2 ^^/hLxip^ 1 0 

0 ~ 5 0 0 n m O U >^ U 3 > M t» ^ ^^ffl © U U 
rr > . 5 1 4 <^5^figL. C<D^ U U ^ > • ^ -g.l 4 

0 — 3 0 0 nmmm<Dmm^m cm%. ^^~mi 4 

Mi^m') 2 0 <£r:/^ t X. B)T^©i¥$: . ■0«J;1{^]?$ 5 ~ 1 0 0 n m 

m.m(D±mmm2 2^^^t. M«^*:m2 0 ©^s^it^^&T^ 
«@ 18a <D^. u u 3 > • y ^ 1 A±:^K^if^mmm(D 

m^tmm^n z> mK^ y^mm 1 s a ©^^agpj&^^ji •> 5^ h 
^«^T©±«Bm@2 2s.afT^«5isi 8 aic-eti^n 

^^-r -SH 1 3tD^^ 2 ®±Jg@BII® 3 0a, 30b ^5^^^^^ 

4 6 
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}i>\^W- I'BLXim 2 (D\£T • 5^-;l/2 8 a. 2 8 b ^^tl^'timn 
i-^^K. nicer •^-;U2 8 a ^mot-^tzibizx. y ^ y 
^'irZ±^mm 2 2 ±®®P^$fe3it)l 2 7 OJIJ?*^. m 2 ® • 
5^-;i/2 8 h ^mnir ^ti}6Kx.>y =f- > ^ir ^Tm'^M i 8 a o 

;S d i itf^ < . ±gP«@.2 2 ^^®T® T 3 2 0 5 2 0 

i^fz^ m 1 SlCJ^^ 2 (D\£T ' S z, 28b ^^m.'t ^ 

t< TWmm 1 8 a±{c|Bp-rsm2©e'T • ^-;U2 8 b©^ 

$ >&^'±^«@ 2 2 ±Kmu-t 1 (0\£r ' t^^Jl 2 8 a©^$ 

15 2 2 <i:Tg|5«@ 1 8 a i ® |pI^^*> e> 0 1 S 2/ ^ 2 

©±M1B^P 3 0a, 30b f?? ® tc T — M {C±«P^@ 

20 ©>5*l9^tt^lSl_t-r ^ C So 

®git?a5*9^ 3 ojt?^gi3 i(i-^n-enBi2 gjc^^n-s^a 
c d-e. _hfam 4 2 1 2 8 {d^-r^as^© 

^2 9 ic:^^ n-S J: 9 t^s 2(c|^Si0]^tc# ^ ^S^^JC *j T 

4 7 
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, s i o 2 ^ J; ^ mu^ I - m. m^i^^ i o o — s o o 

n mS^O S i O 2 S *^ ^.C ^ ^Mffi © S i O 2 ^ ^ -Jl 3 2 

10 s i o 2 myi>^^fi^m 1 1 2 ^^^^b/cm. MJ-cioB 

1 1 2 ±{c, m^itl^. S i O 2 1^^ 10 0-50 

0 n mmm.(Dm^ K^^-t ^ o m^^x^ y ^t- h v v ^*^y ^ xm. 

:S.a^x- >y >i^'X^lc J: «9 . C © S i 0 2 m^jS^fi^ic > 

15 tr. ^^^s^ 1 0 ±(D^mm=i'^^'9^mm<Dmm^ 

m 1 (ommf^ i 2^irhtT. i o 0 — 5 0 on msg^© 

s i o 2 1^*^ f>^<i:^si02^^5-jl3 2 -So 

^l^-e. El 3 1 {c^$ tlS J: tc> ±fBII 4 <DmM^m(Dm 2 

2 ~ 2 8 ^ -^X® ilHlilfcLT^ Z.(DS i O2 ^5^5-^3 2 
20 ^-^trS^^Btd. m2(DmUmi 6<S:J^^t. C©||2©Jmii^ 

1^16_t{C. TiN/Al-Si/Ti/TiON/Ti ^®)^ 

1 8 <£:5^^L> C©TiN/Al-S i/Ti/TiON/'Ti 

«MMi 8j:{c, mni^m2 o ^^Lx±mnm2 2t:B^L^ 

-yurY^y^J^^y^ X^SlC^R I EX^gtc J: ^ T i N/A 1 - 
25 Si/Ti/^TiON/Ti «J1M 1 8 <£: ~ ^ > L T . ± 

S|5«@ 2 2 nxi^ § tfi^^gp J; «9 *3 S i O 2 yx- 

iS 3 2 J:;^©^ja§l5©^®*^'i^ii^^2:gJC2b ^ IMlili»f®5^!t^©TSB 
«@ 18a ^J^^^^o 

4 8 
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c -5 LT. rnni^^m 2 0 ^mK^ts±mnm 2 2 tymnm 1 
8 a i*^&^^$n^w«m^^?^^-r^o 

18a©Si02r$^^-Jl32 Jb:;5'«-*5t:)- ^^SSIStD^® J: 
5 ^ CD ^ $ < fi: o T ^ o 

t>® s ogmslo^s i 02 m^^y ^ir^^^m^tmm^n 

l^. T^m@ 1 8 a ®[MIi!!iT®5^5K®^^^aa6^ ±^ 
2 4 

15 1 S a (D S i O i ^ ^ -m Z 2 ±:/j K ^ M tRB <D ^ ^ 

{iSiOz iTi, T i N t (D x. >y ^ U - h (D m lit:^:^ <, fl i.^ fz 

SO GMRo^' s i o 2 m(^^ y "^^^ y ^ <^BK T^mm 

18a (DmiS.^i}<:^ y ^ >^J'*X h i LTi6#^ TliP«@ 1 

20 8 a <DmiU^<Dm.'mitmthir ^i^^ib^^-oX k>-. mnWB2 CO 

m^^x. -r^mmi s a <Dmm^i^z:^^m^tmmm2 4^#o 
m^tmmm2 4 ^3^5^)12 6 it^i j:s®p^i^^m 2 7 

25 o ^LT. ±^mm2 2 ±(DmrS^Mm2 l ^Mn^K:r.y 

^^m^-f-^ t^iz^ Tmnmi s a <Dmm^±(Dmmmmm2 7 

^^^6^{C Jn. .y ^ yt^^^LX^ m 1 JtC;^^ 2 © e^T • 2 
8 a, 2 8 h ^^tl^timni- T^nmi S a mmcOtT i n 



4 9 
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(D\£T • ^-jv2 8 b^iap-r^7ta6{cj^'y 'f- > -T -t ^ f ^mu 

18a ©^iagi5±OjBPs^3^^M 2 6 CD^Jp i tJJt'^ L < V:i o T 
^fzib^ C n 1 2 © fcf^T • 2 8 a , 2 8 b 

m^^-C^ HI 2©eT-7}^-;l/2 8a, 2 8b <Sr^ tT 

1 Ra^n 2 ©±eiBi^jg 3 0a, 30b ^m^-t ^ o 

m^i-i 1 0 o~5 0 On mm.^<o^mm(o s i o t y i -m 

3 2 t. c:©Si 02^^-/132 ^#trS#^M«-m 2 

©mj^M 1 6 ^m^L. z.(o%2 (ommm 1 6±k^ ^^^com 
^±Km'mwm:2 0 ^iftLx±mnm2 2 ^j^gfetT. ^m-f^cii 

2 0 ©SM©^$ ^T^m@ 18a©Si02y^-P3 2 ±-15 
MKS i O 2 m^it^ LMtc SOGE^n-T-^ > ^Lti^^K:!. 

m2 0 - i^^^i^ ^ c i ilinj i^o tJfe-o T. ±um i ©^m 
^^.^©^^ilsi^tj:. ^«^^©#»ii^©#fi©^®fSa^^fi® 
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mmir^m 1 s.a^m 2 (D±mmmm 3 0 a , 3 0 b ^^gg-r 

1 2©t*T-Ji^~;l/28a, 2 8b ^^tl^tima 

i-^^K^ H 1 O li T • 5^ -;U 2 8 a ^S: P S 86 tC X ^ 

5 i^^-'-r-Si^^® 2 2 JiOSP^i^i^)^ 2 7 (DmmtU m2(D€r ' 

7}^-;u2 8 b^gan-r^:^ii6tciy5^>'i?*-r'S Tia5«@ i s a © 
mm^±<Dmmmmm 2 i <Dmmtm^^\^ < t^-^x^.^^tztb. 
±m'mm2 2 ommKM-t ^M:kf£^ ^ y ^ > ^ib<nt>ti 
^:ititt£<. ±^mm2 2 ^^(DT(Dmni^m2 o^<r^-i^ 

* fc.^ -fmnm 1 s a_Lic§ip-r'Sii2©id^T • ^^->'^2 s b 

15 (Dm^i()^±Bnm 2 2±lc|gp-f;Slll©b*T • J^-;l/2 8 aO 

t j^i^^ t < /X oTi^;s d t }c J; s^mm=j^t Lxm^^ 
Kmmir ^±^mm 2 2 tr^mm 1 s a i ©>^[S]f5^;6> 1 
:BLXj^m 2 <D±mmum 3 0 a , 30b tx<Dmmi^^^^x—mK 

jfli^jL. mmm'?'(Dii^^(DMm^^i^±ir ^ c ti}<xM 
25 (om^^ m^iii^f^^ 100 — 50011 mm^<om.Mm(D s i o 2 

-m 3 2 ^m^LX\.^ C © J; -5 ^J: S i O 2 ^ I -Mi 

X5gtcJ:i9> ^^<4:S:K1 0 ±©^fi^^5^^^^l|:^©c|3^SB 

5 1 
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(0% 1 ommm i 2 ^mn^K^.^ ^ > ^^m^tx. 1 0 0 
~ 5 0 0 n mm^om^^^^Lx h ^^^o ihKit^ m Kom 
mm 1 2 (omn^ y ^f-i^i^'t. ^i-mz 2 cxit^i-m 1 a 

5 ^Lxm^ 10 0 — 5 0 0 nmU^com^^J^^ir ^ C t hX^ 

^ o 

}c^$ioo~5oon mmm(om^-fy^m^^ titim 1 (ommm 
10 mi Q ^j^^L^ c 2 (Dmmm lejitc. tin/ai-s 

i /T i /T i O N/T i ®jSM 1 8 C © T i N A 

1-Si/Ti/TiON/Ti 5»J»M 1 S^^^^-^yy-t^ 
% 1 (Dmumi 2 nfcS^ ©±;^© cf^i^SP 

©^®«k t) *3^iaSi5©*®}6^'^§l^te«{C2b ^lMlMif®5^4^©TS|5 
15 M@ 18a ^J^WLir^ C i*^'«rtlt-^j:'5o «feoT. ±12^5 

M5^^©J^'a-<i:|nI^©f^ffl • C ti)^X%:!ho_ 

gi 3 2 «3^^Bj©^ 6 (omm^BmK^^^mm.m^^^irm^m 

20 EI 3 3 —EI 3 8 {i^tl-rnS 3 2{C^$n^^«S 

^©Sliit;^;^<^lJ^BJ-r'S/cJ6©i|III^X@iT®glT^*^o /X:fe. C 
Cl-e. ±fBII 4 ©mfeJ^S©gI 2 0—^12 8 JJl^-rWM^i=^©^ 
^ ^ ^ i IrI — © M 1^ — © <Sr L T ^ II& § o 

03 2\,z.^-^fi^^r)K. -^Mmi^MK^^mmm^^K^^^x 

25 J:I5^ 4 ©^JfeJ^M©EI 2 0 :^-r i Jt^-#- ^ i ^ 

^©^«m^©ii3lSg|5{c:^Mffl©^ y 3 > . -jg 1 4 
?^^^nTl^'5ft:bi5 'e«J;i{^®$ 10 0-500 

n m@«©J^^ffi©s}? y U n > • ^ -JB 3 4 *<^M||^©^ 

5 2 
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{^TiN/Al-S i/Ti/TiON/'Ti (Df^'^U 1 8 a 
®f^^ tc. mmTb^^mtim^itT iN/Al-Si/Ti/T 
i O N/T i (DT^mm 18b $ tLT l> t^tc^ C ©T 

V • ^ 3 4 ±S5«@ 2 2 cD^®<t «9 t>igi/>^®^ 

^•t ^m^itT iN/Al - S i/T i/Ti ON/T i©^^ 
^ ab ^ o 

^ic, 2 K^^ti^m^mm'fomm::^^^. ms 2-03 
s i o 2 m*^ &^<j: 1 ©isfeiit)^ 1 2 ^^^Ltim.^ MKC(Dm 
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